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FMZORD

Tne ex~bange of ioaformaticai wimUo 10 istlatorz wor~Ing ori &ir.eradt
problmsd in tbe c=- bixQa. a-c ii ~a~ ~Ltwl LM.ihmw iuý:wplua,
often inlreoueant. and se1frym wk*r. th. -. 4-n,ýe 1. t"je
security claNsification, there' Is even lesso than the uruai. ampount of lIn-
formation exchanged. Whe't the in v-aLi~atocrr arao In~ I .epa't yxivaet
3.sbcratorles and I o quesi-indeps-esiat govenment laboratories linked only
thro'.ah coatra&:tual and administrative ro1ationships %nd sepaerated physi-

colyVL.;..a L4 a &ra k-~faii6lity ".ial each investigator May condi t his
work i'a ccinparative irolation from the otboers.

"his rekJx~t aiLmarizas tba ;,oee-dings of an attaispt to facilitate
the nacesss~ry anA inapoi-tant excbnge (if iufcnrrAtion amang a anall group
of iuyestigakto... frtm the Quax~i-.istw.. YkdtcU and 1ýngluwering Cenmer
and frca. I,. va~o %xgarnizstious Lnder contrnact to the Qua-t~ermseter JRasesrch
and Engineering Comand concerr=i vith the CAbvhlopment of materials for
per sonnel armor. It weau the caunsenasus of thoe. atteading that the two-
day Informal eyu.puaiium did rebult In the hopea1-.for exch..nge of Information.
ftn'thermore, there were at."wr imliortant, reralt... Inyestigatore working
itnder conatract 'became better aeare of tbz broaA outline of the field of
jutereat to the QX RUK CýAgmnd, dnd of tho specific pr~leaw noo uader
sAtiy. Contacts wre a-)tabliahed between inreatigators from thes variousa
balTha.@ iAboratorie& repreentead. The maeting sti-latel Idsan to. be
bvaugbt back for ccual dnratiou and toetinS. Flnall , an opportunity for
free discussion warn yporided for each r*pzsaantative to atate, critielie,
and defend bin Om~enan &Y thcs* of his colleagues; In short, th~is symuzx-ium,
provid--d tlý4 oppiculnty for avZJacting infurma~oo azd idea to t~a cri-
tica.l analysis of the, group.

Tbe su&ccess of the symposium, &A evidencetd by the participants, ex-
piassi(aij of interest and reqscpsts for future oeetings, le~aves no 4ovbt
that meet2.ngm or this kind Are both 4zairobl~c %rd worthwhile. In tbe
ftutlre, a syn~osiu an personnel armor materle.ls -.,III. be held periodically.
A siml~ar symposiur in planned on heixat aaný body armoý design and fabri-
cati.'o problow. It Is further %xnped that thase aet-tingo con be exianded
tn incidao participation by other iuea'dgowernment agencies.

E~jPl R. TI{OWA, Ph.D.-
Ctdevf

A P rvweUd1 ; r~~ ni Plastics Division

CAR.L L. WBMI'fIE, Lt. Col., Q)C
IComsanalmg Officer
QM RM& Center Laboratories

A. fRflAI? 1PJWRr--, Mh.D.
Scientific Director
QM kRese~rch & ft~inee'lng Co-7in-
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AE.fTRACT

The prcftn&1ngs of the Permounxi Armor Matearials Syupoeium b4sld a4
the Qua~rterna-ter Hennareli and. Enginuieriong Center on 19) 20 Septete~r 1957
amt presented. wer _____a C- 4.S *l~r -- o of

organizations taar contract to the QMl RU Crinand enpgaoc In taw devel-
or=3t Of =tnOrialu f"~ 1*L8Li-, 1 axAwr. Susarlet of the eleven paprs

dJS.IYrCGatthe u.Tww~ume~ e~ra Tnrn~mtsA. Rc~~1tn:aeej

tba granter use of quw_ŽP!o ror p~'cr.in ==y g3njn= atlbo.atorten
erA otzd contractor laboratories, who are active in candwlnxtn in-
YestigwtciO~tsi c fbcllitate excbsa*.,6 of Information andi isam.w

iv



a~9, 20 Sept--e,!er 1957

1WH•ODU]t'ION

1he Quartermster Corps has Deparient of the A-y responsibility
t'ni t)h. &..1 ý ... At ;" rcct-*!at C*_ parg-u-n_3 Zrnr, ~~~-
Resemw';h ande. & eeoring UCommnd Il assijpm thi research and dew'lolpment
actlivties uzder Project 7-.80-05-001, Persomnel Arsr. At the QN M
Cent',r. vo:a7- Is coeiucte. as a team _o.1et 1nTovlma• a.. fLT. operatvi•t
Dilvislons, vw,.th the Cbstcals wn Plastics DMyiuic. as the project leader.

At a wxthly technical wetmgn of Center perasonel engaged in this
project, Mr. Tktoiore L. Bailey sa, at*4 that the Comand's contractors
working om personnl armor be invlted to a inseting vLsre btk the com-
tracto.- and Center yersamnel coijal ecbenVe Informatton san discuss 11t".
This lato ava yas aendualJ• e rsed by the group.

The nature of the maeting vas determuzed by tha .- alzation that, in
order to accomplish its objective of prcatlag Vti excl]mez, of infoazUtion
a the die:ausiaon of ideas, t1w viefiti sLc•Al be ka;t aemall and mit*
informal. A-ccordingly, the first me~ting va-f -v&^.a~cta4 to Ph ubje-t
of mteriels for ipersoual ozzor. A tvo-da, eating was believed detlr-,
abl- in o:*.dr to a.llw aufflcient discussion tin. Further meetings are
pl&01i4 W diLau tod• asfr design and fabrication proble.

The physical arranjgemnts for the meting vare slecle to enhane
the tWforml ati, spre consideled desirable for the euccess of the meet-
Ing. The Qjg Officers Club i=cge was selected rather than a large
conference iocc= or the Center auditorium.

Infi+tlonm vere sent to Command contractors concerned iLtb materials
for peroaonel armor a&d all accepted.



"'be prepared apwA2.a war~ followed GxojQ!, for a change in the order of

the speaekrs for the afternoca of the first day and the elimination of

a±(m tim. The amands followed Is gircz. herein.

FRAT101hWYRT ~ OUAWPIDRV*qI RWQVWILg AnT WW'ThýlTW CQ-
QUAWZPXtA-qTM FaMIAPi2H AMD LNGINIMM CLN.T

NATICK, MUhXNMNU3TS

AFOWJ WJIRALO MNhOOIUM

19,20 September 1957

AGEMM

Thnursd~ay, 19 L~w 1957

31~cc- (40-000 -105) Dr. J. F. Oeoterling

qMM9 Arvivir Frogram (1005 -1020) MEr. X. I.- Landaborg
(Cbairmn)

Presentations

1. ~ -ne (1020 - 1120O)

a. The developmnt of muutipbasic armor Xr. A. L. Aleal
causjtrncticEue.

%Auxmor structures conejatinx of two or
more diasirnilar materials rcx discussed.
A su~este4 mthod of aelotcting mat.r-
Isle to conmetruct a mu'.tipbasic atL-ucture
It peSIAnted.)

b. KZr~rgy aeasrpticn of single, .Aver ,rnl Mr. A. S. Tonto
comnposite armor structures.

(The variation in ea~rgy absorp-Jo'n of
various Lumr onterialsv-nb
two sizes of fragment s;Ote wot ýarlouna
velocities- is d~tacwuasti Th-t application
of ene:gfy absorption studite on mat-i&1e
in uompcoate paup'la is deconsrat-ý.)

2. Folaroin Co:.-poratiua ('1120 12)

G. Scope of proven.= Dr. Wd. A. Shixc~iff

P



b . St~w lua31its-ic propertilE 01~ U11-39 piratac. hr. E. S. Emeraun

c. IuP.ta"iiz C-1, -% A = t-1 Cf r.C Dr. If. A. Shiarc1iff
lel.iez owng organnic polymeric moleculies
comprising an armor janel.

d, Applicability of dyawric photoelastic Hr. E. S. 1ibrieoo
ftAlzi~si to tiie stud~y of impct jibenamns.

3. Ruv-; UPI.v rritz (1330 - 1430)

Properties of technical ceramic.. Dr. H. J. Smoke

(Discauhsioni of X-be unique engineoring piroper-
ties of rrmaica, for exaxple, refractoriness
and other therual properties, urchanics.l
strongth, hardness, cheuic~a durability.)

B jorksten Roeserch Labs., Inc. (13D&3 - 1530)

Msasurewt of the energy absorptioni Mr. 1. A. Mayo~r
charseteriatics of materials ac; 4L
fuact~ic~o of )0a'Ujeci~e 'eoi

(Discussion of the co,,Ae and alitAnntino of a
ma.jor tovrc* of error in velocity measunre-~
ments vith lzailine neigeea. nasigy ab~orp-
tion mea*amrwmns vfl I L &in 1'A orp±*
nateria-L tostei to dat..)

RDiscussio (1530 -- 1700)

a~t4-q;ia-&nd matsria3. systems.
Friday, 20 Sc3ptazber 19ý7

Prestntations

1. U3. S. ArjW Cb~eaicajl Varfare Laboratories (0900 - 1100)

a. Technique for dotermining etraln histor~y Xr. J. W. Jameson

of yarns undar bg-cdist~

(__j~j~asion Of AUD&MtU13 t~b - It_-A
u1."Tot -ntatic'nfo obtwaiasn =n a o n

~Žthe cusplete biptory of tb±n atraAa
div~-1bution in a single yarn vhen iupac-
tE74 tT-aasversel) at hiigh apee~b. T-~vo
grapiin obtained with xotetlng airror
appaxret-up v-ill be ti*ecuaged.ý

3



b. A1 "-. 'Zcsatum :ur detnrwin~iiy Mr. 0. M. flt~r&t-t
trýt!ent 01-for-._ation.

(A photographic study of the dynamics
of body armor materis.as uiame kLi-speed
impact using a u ultif.lasb h i for the
.lght. source. Results of tusi•c of
iac~ed helmet, cloth mnA yarn, end
secor4dry xistile eifect from impacted
protective leases vill be discussed.)

2. Battolle Me-orlal Institute (.1100 - 2200)

Development of titanium alloys umder Mr. A. H. Sabroff
Qmartermaster contract.

Lunch (1'30)

Discussion (1330 - 1500)

Nlov appruaches to the dealop mot of armor
materials and naterial mystew.

Tour (1500 - 1630)



iDjwV.I-rIeATI(M4 LF SflMAKYT9, T-A1'RrOqT-M A"T eR~~

QM4 R&A ~4

Dr. J. Fred Oesterling, Deputy ScientIfic Director

GJ R&As uentflr

Project 7.-80-05.-0011, Peru onapl Armor

Participating Divi'rioas: CLeujea2i & Plasatics (Project Leiidar)
Kaviramuental Protectiors Resaarch
Vechaaic4L. Engineering
PlioneerinZ Pcrzaxc~b
Textile, Clothing & Footvear

Fpeakct8, Mr. X. I. Iti,~ Personn~el Armor Section-
Chauicals & Fleatica Divlis'io

Mr. A. L. Xlesi, Technologist (Paa.tica)
ChexIcals & Plastics Division

Mr. A. S a !k- .%iwAical Xr- " (Textile.)
Textile, Cloathlg & Footvk~ar Division

Polaroid Corp., Cesiridge, Mxp.

Contract DAR129W-0 "a'ineT~gaL.U on of the Mcelzo
Absor~pzion Characteriatics of Now !'oly~rIc Wbterial" (Confidential)

Mr.~.ta5 E.tSJU .U3. KLUEo Pyir

Rutgers Universtty_ New Brunasvi-ck. ff. J.

cot' I-01uA) R!~t -d ii~ Strength Ceac
TW, a"4.ae" azd Fielbiii- Ct -figuxationz Sha~ped to dinluaie Brittle
Tendencieu& (ConfidmntiafiY'

Speaker. Dzr . '.*1 Seek- Pro~essor, S: ol of CerwnlI's

Contract DA19-19 9"TV-VtjpSiOM of BeLlistic Proper-ties of

X~~e ?. B. A. Maoyr, I-ro~jc-t Ltkl~

5



Chwuic..1_Cor2e lCcu~mm ArP bda CrM, lIU P~r ct(rpte r.-I
fteiilaJ liecaiels Vk--,ical Warfar, Lsboxutt..i. es

Cross-Serylelng Order No. cso-58-6R..

Mr. G. X4. Stzý.irt, Depwty Cklef, Body Armor Bramcb
Blo"7Ics Divivlon

Battellea Y3mrial Inxtitute, Colvmns, 0.

G_-~~c DA)!'-3 0 -Fabricationi of Selected Tits--tmAi~MB

for Prucma AA&1katfoea (Cmfidantial

Nr. A. X. 3abroff, Ressexcm VMrt&Uurglobt
Light lietelm D~visioa



CONFI DENTIAL

The DPa' !oja of Kal:Ug ic Ari-'r C cnstructioflB
1

A. L.. PJCesi

,xne ixuewric&L nscxgro~md or weiJ.T.1paauic oxror was courlinea ana an
explanation of the my,~argistic effect obtainable rith such armor jxroposed
in terms of ccaina1Anas of nissile stopping w±ul missile..retarding
effectiveneso of the ccermpvx.ts.

The results if axploratory experiinurts were rrrrmrnt'ýA, 0.'.w-ýnptratlr "
that composite armor conaiahtIng of two or more daissimiar materials Is
capable of prodaeirg substantially greater protection then an eatLvalent
weight per unit area of say cnA component. Data were shynm for three
Lr-t4MS of two compore.ata each and¶ tetate with the 17 gprain .22 cnsLibar
T~37 fragment simulating projectile. PKeaaur'-i of the ability to defeat
missiles (much as the V50 ballistic resistance limit) and to ret1.Mkd mis-
miles -dure p ,ennttl as guides for t~hi oa'-2tion end positioiain of ccr-~
pcoeirts withlin a compc~ite. Data on resý4ujal velocity mn a function cZ
mirailet-striking velocity obtained with the 17 grefu .22 caliber T37
frazaent. riowl~ator for fi-e materials (ra~yoa .ý;oth. titteniu AllI(XT..
sauminum 241J'3ý "as Fan4 polyzaethl mt-cyt)were presaented. By
appiii~stion of t-hm syrurglseic etffe--t 6, a~tbt-'7e -4~th composite armor,
significant- admmzeps acce anticlpattd in Frzo,-K i~r proý.' .4ion for personnel,

ubliiaLel in moý comap-frn fora as 2ý
4

mst c-cxh "in-23rlag
Cowmnns,U'echnl0c al Report CP--', Cohipcsit-^ Personzel Armor. Dec. 1957 (C).

*Quai1.erusat~r haa~axsL & Xnginc,,ýrizg Certliz. INatlc~klý$.K !4agaLactts.

7
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CONFIDENTIAL

Lnergy Absoypicmiu of StP4ý,- L^ýyerv and Cowtc.'ilcc Axr.ar '1trwirt1)resl-

A. 3. Teate*

The work c&rriedi out. by the Quart.ermaster fieaee.rch "nd Engineering.

sonnel armor naterisas was presented.

and .35 fragaet aimulating projectiles, via. (a) materials differ maxel-
ly in thbeir ability to retmrd ],;ro~ect11ev, (U) the eae,1U lcaa of p.eutrat-'
ing projectiles divided b~y ti~e axeal (oui:feace) dennity or the material was
fou=A tu be veloc ity..dh pendent for all aster lals and (c) the relationship
betweeu materliaan changea with pr.:jectile strik-ina velocity.

The kinetic enrgyr~ loan of th.n ralib-r .15 irmJectilc v" si'rrxt-
wk?) one half tha~t nf th~c-]Iba- P1 n~"il~ Ctw,,vrlu- ("lk
basis of the proj3ectile striking energy, however, shows thiat the perce-nt-
age loss is greater for the calilber .15 pro~eCt1le.

Limited ener1 absorption istu±ies have be~en m~Ai on ev few coposi.te
struztures utilizing a rii~1d ini~.rial In front and nyloa arxvr fabric in

b..Zima~ cominatious such &- &!"as-nylon a&d polyllnthyl. inwLacijy4ate-
nylun v,.ru fuýga tu redybce tbe kinatic: wnqrgy of the prujectile (per unit
areal density) to a greater exte~at tban either co~rponen't.

2 'Publisted in pu-t aa Quartermaster Resea..-h & Eaglnearing Center Report
Q1t-I 1 4, Investigation of Ballistic Protec lIve Mat,*txias for Forsucnel.
AKrmr, Prog'en3 Report 1, Knergy ALaorp'.1or an4 fleUi.stic Feslatanre
1imits (v5()) of Arrur YAteie1-.. v;;.a Pz~tfoat~t-& by.a Fr44p~t Sl1nilatiag
F-Issilo (.PP caliber T37), December 19317 fCoafid-z"Aaiwl) .

*Qurn.rteraubter iegeeaarch &~ lfrgton-.rirg Ceut~r, Natick, Mnaachumetts
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IBe rL by tbe. Polaroid Cor MtienW

W. A. Sbureljiff

Pe~wLu 10 or Z'0 yray-aý ,v .1 b e sufficiently advanýed to
permit nnar to ari t 11 dz1'Ia~r'i Of o'-`L MCtiM Cf a7,
armor panel In sfto~piug a proJectile. To.tayr. lark tb.. xM tii fc
datim on c hIch to bass such an understanding. Then spbjec~t Is further
handicappved by lar-k of any t.rtl-onk PanA sty tcimiicai, society Cayuted to
the subjcct of ýperzcawnl armr. Also, the vecrw.cy which throuds the
subjet-t himd~ra atiuaa2Ating disc,' cwa savuA sc tentiats In different
organizations,

Seam H&aJ-)atle PEýZý yttem of- CR.-39Plated

Becauxe glans uhovs such great enroru absorption from fast missiles
(fmdsinle& vhoje strjrin5 aptal eycee"s tbw r~ valuje of tha ~IA~ls fixed
at), v e tried to se" wb&L ojanmnic polywric mwterial might b* t~xrj~j like
glass to exbdbit corTer'oadingiv bi2si vwe.-ry ao.!L~rpticnM but Md-t avoid
giskini 1. foatuxes such as thiat &Lqnl'y *nD- tendency to shatter iLtt,)
sbarp -e ig(e4 pie--t-in. Tw' U~terIOL kavo ie &AC 39 appsrwrd to be a go-.d
prospe:t. Firing t-ýsts vwir, m~e azA ow~z expecte~tics were borne out.
CR 39 pl tk.-tht 1E--,nwo~ttaln ability t
absmorb emoral! frcm f...t.

liuort4an -p of Type' w-I Eve of' 11naxI ia1i @a Among Organle

W. A. Sh~rrcli't*

The ofa~ ý ! #:,Ac -~i--2ntion (i.ty'pe anidb &Zrc--
Or jI.ralii1-Mlie of th- long. Qtaolniia if, Pý.yn-ýric pWl-te that have

proc.'¶Il~or -.i Th-I =i ni,- '-v iha-y.# m+.Imns that bav- be-ei
stret-hed in aypwrei.

4
ly 9:~-- marno-7- up witCh quit'"t~-i

art,,kl +ype =_A dj-Xrtý Cf T,&u-um -I--'t
r1..ily .is c ae-tt',olA !L;, i~jug "sr'inof theLo tbxvt principal

ti xh E"gy -bept"o -t~+t-ristiee 0o' N-w Polymeii

Mt'il Yirai po - . 41, [9-7_ Poloi'i Cokp., Cazbridgc' Ma~a.
*Po0hroint C(orp.. CdN'111JIas,
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CONFINDENTIAL

Arppdcirbitlty of D)yaa4 .-- )ýotrnIasti Anal-Lyais

B. S. Eweraoa*

wtoduced in TcmnýKs of organIc polymeric meterilis by incident miuwiles D3
the inthod kmawa am Iplotoclastic m~u.1.wim, Curiously emough, the metbod
bsas been entirely overlooked oy persons working in this field. One corn-
plicaticc is that some of the formunlas commemy used in intatic photo-
elmatic "m~lysim do not apply. liovever, severn.± of the principsJ. formulau
sti.LL do apply, and fromn these we can derive a detailed account of how
the stresses ver-y froi. Instant to Instant amd from pulut to point.

*Polnxrcid Ccrp. , Cambridge, Yi'si.

10
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CONFIDENTIAL

E-3werdt j. rk'*

Tb,ý first objec~ivp c-T couul-'A. DA19<i29 J4x-854 is to daiermiue the-

tbT" types of erystallin.- cerandco nave been subu~itte.1 for test, nazid1y
alimit..a. zircon and steatite. Taby iaua iz ar*eal dtpnsity frcu 57 1'o 11.7
oz./uq. ft. In t~vi balailtir tests, the htrlking velicity renSgea from

Sto *-,290) ft./e7 Vhll theo z-~sledua .locity n.arge4 fr.Žo 2,63)7 to
5140 ft./s*#c. This results in the ceremwic 1cm--ng the velocity In the
range of 4i7 to N4. L2 all cases, thA cerar,!c. -ehttered and oplintarrd
in tha arc& of iupsýt. 1-. has been provedt that. in som ccos, thib re-
curdaeX residual velocity Is thAt of a. rruigant of crardc sincuQ tla uiuvohe
did w+. rens.trate the ceraaic. bpecli'.sae t Mi~j pea.xed in lowver
arerJ dejusitles for f-a-the-

A ggoers.1 4uci.6Aslon of the en&1neering properties or ceramic nacer-
ý.als van asio presented. Informaticc cf. &!&au, sminle crysta.s, pol~y-
:x-ystaliin, and crystal glsaia type caramicet was incliAe. rhysic!.~l
strength of highly pwou~s tyluos of eersmIce in quLite 1gwv, in the xmnaw of
several unmdred powm~s p>-- squar-3 in~h. The mZins 'value for tensile
strength Is 27ý000 psi, tra,-a Perse at--W2h. 6U 000 pci. snl compressive

e r;!gfb, 60 000 pal. 0ý;.L-.~ ij.ruV-: ties wt,

,Hardnesw 27 to 7 "X~ (wn-P)

Li~wx Thexiui RX9MuMn M U, 'u 19 A~ I. '-'- I. Z

(25 tc 70()ý-
Therusi COn .-ctlv-fy 0.01 t-ý .125 tPh) I. (F/Z.

*Pro!fasata of Ce-raswlc, Srh002l of Cer-alkcs Rutgers, ll ESt~te Uraiver~ity,
Ner-w 13ic1n. N.
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Neaszarement or tta Energy Absorption Chexmrt~sLtica
cf Materiala an a t unction ofi'rPojectilt Velocity.A

E. A. M4eyer*

A ccouiarison chmik was mad.e between t-ne Vir, veltwity-meswturlng
systems wh ich axe to be uaed for eL'- ray abzorption xc=u="s * Sqrious
d~ieaareitmnL wan noted cmly I-. th- val--lt 1,t.-.. ---- I 1
12~40 ft./sec. The disagreement ranged frce 23 to 55 ft.,/sec., where...
outside tbis interval they Agreed within sever-'ia t./etzz. Sinres *e-U
slight dis~greement :in velocity me.ureamitt can produce Luge arrora, in
the measurement of energy Wa crption, it was tuperatIye that the can"0

%aerstood daid corrected. Tests showed that the prcblam which existed
,ihthe T37 pro it tilles coull be dequa~tely sisatlated 'rith bullets.

Since About 1U,UUu rowd~i were firod in this invivstigation, the Pavings
in cmet and time were considerable.

High-speed fla~sh photographs of bullets akt various velocities were
takela at the instant they Utasexed the lximllne .creents. Relative
bullet positiov- we"e obtained by superiupoeinig negativest. The result.
showd tbat %va.iLts travellinx at; diffei-ent mloc-Ities tziggared the
reoid-al veocr-ity .lumline sertan all at the tama puitica. Tais was
also tae case for the striking velocity scree:, at velocities below 113U)
it. '/sec. At lljO ft../snc.. the hutlet mrsltl( - ,,hrnir~t~. JLp@ tck
1-1,12 inr-L (toward gun) At the instant tbln screta was triggared. As
the bulltt velocilty vas increased, thls ;-e -tri~ieriag A4iet~eace dec.rea&ed
unatil it vas Only 3/16 in. at L3.M ft./sec. Tots phenoms-on aluoe coul~d
&ccow&L ru(r t~he velocity disngreemot robsarvpý&, wnlh n't~o showe4 %M

i.'jt c.-,a L~ 1130 1L is oT in~eraffito nV rO'e tCnaz tz.n VewLU
city of IL-.md ind er our test ccaaltiona 1 is "Lut 11Wg fL./sec.

Additional tests suggested tiiat; the pra..t.-rrivittIn ý ra --.. A Int

vaolcities and the l-ight bean. There wae no tiw.lice that the pre-
triggering wes caased by ;e~cts-ical interacti'A1u between the shock wVae
and the tubes of the lumillue scr.ýan (e.g., xicrophzaiicx).

;'.a 're 'oudw&tod which aho%*d thAt pre-trtggerimrZ
ligni Dnas intensity, photomiltiplier sensitivity and amplifier gain. If
these variablea are v~ sely controlled, tbay can prevent pfi.. LcaturatiCon
in tVis am~.ltiffr. Trlkxl I-rnlts optisrom use or tt~e L-ya tbj'Tatrct an &a

apiwediscriminator to sczvdu .aL the wL-ýck pulsee, ordinarily fatr

tion 1Regsard~g t6- EnT Absorbing. Chaxacteri sties of Materiale for
Utilization in Ara-r, 9, A. Meyer, 19. J. Hansen, fliorkaten Research
Labs., ibdisun, Wisc., June 30), 1957.

0B.'urk.ste Fesearcb ILabs., Msadison, Wisc.
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sai iwt -ij; the bullet 1,;0n e,-o_ 1-e.-'-rit only the bullet pulse to pe-5s.
!bl,!T it psl!_ie to elim!nnt-n -rc -trIjGcrIn by this method, it di.d
not allow a sufficient safety factor. It was, therefore, necessary to
ftud some other meeas of reducing the shock pulse amplitu.4,.

Further investigation revealed there were actvally three distinct
%-t,,n of shc Vý- bSaM'1e nrealn z+K.= %!e~.,llaIazz .. 1' ax

dt to the dense, compressed air of the shock wave fyont acting as a lens
and refracting the Alght h"na 0ý2" towmri the gun. This corresponds to a
1V32 in. sb!ft In the light bean at the photcuultJplier tube. The inter-
face shock pls.e an.l the noz."J shock pulse are of the same polarity as
the bullet pule and.- thereforn, could c-ase pre-triggering error. Th&
inverse shock puals Is of the opposite po•lkity and the-efoxe )maimlews.

The Interface shock FIu-e, obs-rvrc oaly ca the striking velocity
lumiline screens, was cauned by the Ught bea& being masked by the back
side of the lower slit (toward g--n) during refractlon, This reducel the
1 ight striking the photocathod• sad prý;duced the pulse. It was eliminated

by movi-ag the lover slit upward and firing below this slit.

The nor-L shock pulse can be caused either by a reduction in the
light striki'4 the phot-ocathode or by the light bea= shift to a laze- sen-
sitive portion of the phot-:athbods. The light level Is reuced during
refraction If the back portion of the photocathod•e ia maskda. The de-
crease in senA.tivity resu-Its when the light beam Is positioned on the
vack portion or the phrtu-t;tLode so that refraction moes it t from
the nath nore sesitive center portion.

Th-.i------Q r -'_. ca .ba6 614Ui LY au. 1Lux=S 1" tin

liaht, atrtklrig th^ nhntrcr-tnM_. -r hw the_ I---- -t-41 ehe +v

sitive portion of the phot-catbhiAn. T7e light levvl is increased dnzirg
refraction if the front portion of the photocathode is masked. The in-
crea•,e in s-nsitivity results whzn tha light beam Is ptrnitionsd an toe
front portica or tha photoathcxle so tfhat refraction ivau- It to-ard tLe
much ore asensitlve cent_-r portla..

The v.n shock pu.se was nlainAted by making cer•rsln that the
back side oZ LLe light team was not masked and by poaititming the begam on
the front portion of th-: l•Lphto± •, [•. '.'haue only an lnverae
shock ,ulse re&,,ltn which cra-mot t-igger the thy-atroa and cauae pre-
tri&cring error.

The results of this Inve*tlgat.on apply vpecific&-ly to our akdctfied
lujil1ne acreens with the 0O02*-in. slits. However, nor-al shock p luass
Ur lufflce. anldIudT to LA.L pre triggering error were ob4eryed on
the stsnis ",r "..ino.elitle hWgh v*elucity luailine screens.

13



chronogzaph agreeent tests were conducted by ccnncctiri nl fQ11
chronogrne'hs in parallel to a set of lumillne screens. One of the chrono-
gra•hs wan consisteutly low by 0.02 millsecond. Pickup frrm the start
circuit distorted the oscillator wave form for the i1rat few cycles and
these counts were .issed.

Y-. 4in-.--,.÷• v....'-11-d... .by ahiaId4iu •te wires which origin-

ated in the. start circuit and vzag-h ea.sed behind the oscillator cwandn-
serz. Tho zam intoract'•dn u uoted in the other chrowo.Tsrhs but to
lesser deg•iees. Sinca it represents a potential vource of error, they
vvre all shielded. All four chronographs then agree4 -vthin 0.01 milli-
second.

A final coem•ison check was made betveen the two velocity-massuring
systems. They agreed vithin experimental error and no anculy was ob-
rerved in the velocityr of sound region. The velocity difference between
systems ranged from -3 to 8 ft./sec. as compared to -23 to 55 ft./sec, at
"the start oA' this investigation. Of the 11 ft./sec. spread observed, 6
ft,./sec. can be attributed to the minimum chronograph resolution of + 4
ft./sec. at these velcities. The remalin 3 ft./sc. -r=_-tiaon could
easily be eve to cbaaps in drag, •ince both clipped and ,..c24 c-.d bullets
were fired. Test: with T37 pvjectLles also showed agreeaent ¶vt'2fn
experimntal error over the complete -4mlocity range from 360 to 2100 ft./
52c.

The important requirement on the proper ehoice of drag coefficient
is that the projectile striking velocity (Vg) and the residual velocity
(Vr) agree closely at the target plane in the absenc6 of a target. Ak
zppdif2-ee' can !I .-zLiue werious error on energy absorption
masurements. UI~sni thlo conilition, the din-g cfficicnt for -21- pro-

jectiles was determJ.nad experimentally over the velocity range from 100
to 2200 ft./sec.

The values of tbe drag coefficient deterzined by Ab.e,-n Pcyi•
Ground and Watertown Arsewrl were compared with that measured at our
laboratory. COM-.-iaOn '-"A " of the computed •-vlue. of (Va - Vr)
without a tart using the three different values of drs,3 coefficient on
21 roimd covering the velocity rauge. The least error van obtained
using the Bjorksten drag coefficient.

Energy absorption weasurezents were 3tarted on both plastic and
taetilic target materials. High-speed flash photogralhe showed that the

residual velocity screens were pre- triggered 'by target fragnts from both
targets. Correction must therefore be made for the pre-triv-ering.to
avoid ,erious error in energy absorption weuR-4rents. This correction
can be obtained from the projectile-to-alit dist&nce measured from a
phojr4ph takt.a at the instant each residual velocity screen is triggered.

The energy absorption efficiency cf 1/32 in. Micarta 259-2 for T37
projectiles at varl oia striking velocities was presented. Correction for
pre-tr:.ggering by target. fragmento was made by the photographic technique
for each round fired.

14



Techniqw. for Deieaidning Strain History
of Ytrns under Nigh eI ýt -

To O.zist ia Vi•b st~ay7 or energy absorption in armor materials, an
apparata" bas been developed for obtaining on a singlv phatograph 'he
complete history of the strain Ai.t+ _t__ in........ - z J- u by Dy
a projectile. The camera, set for time es.posure, ees the objc Ja a
rotating mirror, aud several pictures of tUs yarn in successive states of
deforumtion are ms" by flasbehi of light, ezch of microsecond daration.
Data can now be obtain• d directly to describe the strai- at a point on
the impacted yarm as a fmctior of tim. The method can also be applied
to other subjects.

A 1;w Techniqtu for Dot-A ,mIng Transient Dceformtion

G. M. Stevartf-

A mwy photogaphic technique for datergning the aimot of transient
deformatin of a material at a knovn time after Impact Is now in use at
Bloshy¢ics DivIsioc. Amy Ct-Iret Center, Y.A. Thls tvheuiqne i"voivmn
the use of a multiple microflash unit, t.Npe 2518, developed for Biophysics
Division by EdgerLoa, &ermsbhausen and Grier, Inc. The unit consists of
a porfer hupply, a triggering pulses, and 20 flash units which ars set noF
i=ra-nP a... . Te 1 iguT aoame Is a, single flash tube, with a re-
flector saesbl- amA -nch of thej 20 fass is or apprw.Amately on* micro-
seccnd d.ration. The Interral betveen flases may be set at 10, 20, hsO,
80 or 160 microsecoas.

During a t-*2t,; g !- In_ aouý, . ,- e impacted target. rro,

this negativy, owe can deter-_ine by manuremt the mximim transient
deformation. This is done an follova: the dietance from the back of the
target to the farthest displaced Imge is masured on the Degative. The
number uf flashes that occurrrd before impact Is k.-.- mc Lb. nteu er of
fleamswh alter imgpct is determloid by comting the ina ;f -U&* displaced
portion. If the total is less than 20, it con be a&maad that the missing
flashes occurred after the urinm transient deforumtion wa reached.

Using the above technliques, it I, possible to determine with acc-aracy
the sail- transient dfroýtlon for tUgets euch an himets,
fabrics, metals, tissue and pr tective len .

*Ceaic&.l Corps liesearch & Development Command. Army Chenical Center, rd.
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CONFIDENTIAL

kevt~q2rntq ofTtaniunAlloa undjer_(jrterxestor Co9x1rF1ct,

A. M. Sabroff*

titkani~ia nd Its 51(~yj poestas ban ±nter~eoe4 a =over of &&a'ncies in
ii.. possibility of uslog thee materials In armor Ppplication. Bafl~liv2c
stivAi~s conducted by WatortcvAm Arxemi, Bureau of Aeroa~vtics and Kara.
Provtrw Gr,ýFA *A fa~r back an cl iqvs sho aw~n that ,"rtain titsj~lum
al~loys exhibit bellietic perftcraace against~ fr*~nts &M a~rmo-larting
pr-ojectiles equal to or better than that of many of the metalic armor

apl~icetiuus cceducte4 by Datt*1l.a for the Burveon of Aeronau.tics, for
extzpl., an alloy having the iLalma~l composition TI-3Hc-l~r-l~e-3J4W--Y,
whtn p-operly fabricated and beat-treated, showed bartter resistance to
trmgant atuolators *he- the presently used eal-miim Alloys on an
equlvalent weight basis,

Most of the aravir programs an titaxaium, hawaver, Nave b,.cn conerned
with apyalcsti~zis rvqinlr.ý=g a~real denaities in the range 2.5 to 7.5 Ib./
sq. rt. Camzaatively little work has been done an titazk]. -1 alyis In
shoot sizes of interest foiý personne armor, namely, those with areal.
Cmisitiea bel~ow 2.5 lb./mq. Mt. Recant studies at thu Quarterma~ster
Research 6 ugn~ering Center on various titanlium allcys, havaver, have
shown highly promising results.

The caietive of tbo Q-uarteri .etor Coxps vrogri.. at Rattal-1o Is to
esieblilsh the conditions under which the mat prowdsisng alj.4yx developed
Z~u a5er nu oe processed ro? persone~i armor appiliaxions. A-Itbo'Igfl

~~dt z c.- ava..lablc =n herior sczt:, '-ý1littiQ pewfoi_-ncz
cannot be extrapolated to lighter gages becauss of differance in various
astallurgiral cbezactariatics, for oxample (1) grain sirA, (2) tolerances
for imparit1 es and (3) notch sensitivity. Th1e Is probably true. true U.&~a
macbhanical standjpoit ca well, cocasidnrixg only the d-iffer~acces In
geometry.

Initially, six alloys exhibiting allAw, alpha-bets, or oaea k~uo-
strw~t~urv will be stadled:

Ti-3ft-M1Cr-1Je-3JXo-1V
Ti-fi .-Cr2JYe-lJj *IV-411
TJ -6Ai-1 4v

-Ti-5A1-2.5Su

Ti-16Y-2.5A1
T i-6Al.- -ýo

t* Lttefle It.-rrla ne. wtitute, C oltinbu, 0.
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CONFIDENTIAL
Zxcept fox' the rM-l-e1ba TI-1,Ml-2.53A LllQy, vkich in not beat-

tmtbe Ube ai2oj-s uI.U be teze in tbm following conditions:

(1) Yut:,y easeled.

(2) 12e~t tee to b-Ic~t kV,C010 to ~2,0 e ikj&Lc imi
ultisate t~mall. strength than the amoinzlai ccwditicm.

(3) Fa.i treatod to ab-~t kD0O00 to 50,000 Pai big)awr I&

in addition, '!L - i-W6Allv l andxa pioesibly am~ ',thsr alloy will

.atios. This matorial vi.ll bo as&" to utsiy theaeffecrt of the aire.A
b4.-wse yielt &&A jltimn.ta atrsngths on ballistic pert czuwe.

The alloys s-l~l be stidiled In two miuss coviering an areal 6=mity
range of I to 2.5 lb./sq. f't. The usterialm will be e-vaumted In the
G-2 balli1stic tist for boith Vi~ &" mmrgy abaorptiLon cbaea-.tei-istics.
The noet pronmising alloys Vil be stmlied avrer a wider r~a ai cc-A-
tion.. in an attam~pt to establish the orptimia coaditinn for ara~r p-
Cations.

On ca..plietIon of the stitAles otliumd, tie most pronising alloy'e
will he st~diet in a widn rwAge of ashot si.mm cove~rinj aL reaa of
areeJ. damsIties from abourt 0.5 to 2.5 lb./sq. ft., to c'Žtaln data for
use in developing not o.17 titenimm arumrs, but also comnpositen of

17
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RIMO•TMAIONS

Wy -ry .ý9 1rb I•x!tc!•pnt! eA4 tbose in attcndnce eolttcr- highly

favorable combAts cn the vorth of the armor materiale s~sposium in con-
tri'uting to their kncwledge and in sti•nllating Idmau. On the basis of
tbase cwts, the follavlng rsý,owazations are made:

1. For each broad area of & IcoJect. vherein there are ) groups,
CLwmnd cotractor4, division laboiatories or others involved, aSxiAla
ua"tlg'm of AIl in~terested o!,,n,, be. !1-A to bz-

tween the vorking poupa.

2. The meetings be conducted on an informal basis with ample time
allowed for discussion.

ACDCM1EWEMTS

The contributions of Mr. A. L. Lastaik uf the Chemicals and Plastics
Division and of Mr. Hugh H. 1cCraven of the Technic¢e-. Services Office in

king arrangewnts for the meeting are gratefully acknovledged.
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